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FACTORS INVOLVED IN THE HEAP LEACHING OF COPPER onES+ 
By John D. Sullivan? 
INTRODUCTION 


The recovery.of copper by leaching from relatively lowgrade ores 
containing both oxidized and sulphide minerals is rapidly gaining in commercial 
importahce. There is an economic limit below which certain ores can not be 
treated by concentration methods, and material with values below this limit 
mist be discarded, possibly to be treated later, or the copper must be extracted 


by wet PrOCoEsest 


Heap ieaaitae¢ has heen carried out by the Phelps Dodge Corporation, 
Copper Queen Branch, for several years, and to-day its plant is a large pro- 
ducing unit. The Ohio Copper Co. at Bingham, Utah, has been leaching in place 
since 1919. Many other leaching operations are also being carried out in 
various parts of the United States and in foreign countries. The plant at Rio 
Tinto, aa may be considered the father of heap leaching. 


In heap leaching thé ore is usually heaped as it comes from the mine 
without any breaking or crushing treatment. Frequently pieces of rock 5 or 6 
feet across a face are found in the heaps. Solution is added to the ore at the 
surface and seeps downward by gravity and is collected in a solution sump. 
Solution is usually added to one section of a heap and, after a certain quantity 
has been added, the solution is added to andther seetion: Sometimes weeks or 
even months élapse between additions of solution to a. given section. 


- Four factors are essential to the successful leaching of any copper- 
bearing ore: (1) A solution that will attack the.copper minerals must get into 
the body of the ore particles, (2) the copper minerals must.be dissolved by the 
solution,-(3) the solution containing the copper must find its way. out of the 
voids into the main solution stream, and (4) the copper in solution must be re- 
covered by some means of precipitation. 


The United States Bureau of Mines at its Southwest Experiment Station, 
in cooperation with the department of mining and metallurgy, University of 
Arizona, has undertaken a study of these fundamental factors involved in the 


1 + The Bureau of Mines will welcome reprinting.of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from U, S. Bureau 
of‘Mines Information Circular 6425.!! -_ 

e- Associate metallurgical chemist, United States Bureau: of Mines, Southwest 


Experiment Station, Tucson, Ariz. 
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leaching of copper ores. So ees the. study has been. limited to the first thre: 
factors, which are. those. ‘involved-in the leaching operation itself. In Lead: 
& given ore the rate of extraction is not instantaneous but. goes on slowly, «. 

the factors of penetration, dissolution, and diffusion go on siumltaneously 2. 
not in sttccéssive steps. However, these steps.can ‘be studied only by segre- 

gating them .so-as to have. only one factor entering at a time. The results ths 
obtained lend themselves to compe fone. that, can-be used in commercial prac::: 


This paper eresente @ resume of the results obtained in the heap- 
leaching studies made at the Southwest Experiment epececns ae the ecnerat Ctn- 
clusions which have ass aie ee : Gy eS : 


ipo aiee papers ae: described in detail the aeceetentad procedure : ax 
‘the results. bie in the study of: (1) The ingress. of solutions 4 tg orgs 

during. leachins,="= (2): the dissolution of, various coer minerals, PSs Ts8s2 
(3) the removal of soluble copper from leached ores.=lsttits «© 


aE SS - ce 

3 — Sullivan, J. D., Keck, W. E., and Oldright, G. L., Factors eae the 
' Entry of Solutions into Ores during. een: aaa i ag 441, Bureau oz 
Mines, 1929, 38. PPe | oe 


4 = Sullivan, J. De, and. Ostrea, Birique, Factors Gee the Entry of Sol 
tions into Ores during Leaching II: Tech. Faver 498. Bureau of Mines, i: 
press. eg sie 


5 — Sullivan; J. D., Dissolution of Various. Oxidized appar. Minerals: Rent. : 
Investigation 2934, Buroau. of Mines, 1929, 9 pp. | 


6 — Sullivan, J. D., end’ Oldright, c. Le The ‘Dissolution of cuprite in Sul- 
phuric Acid: and in Ferric Sulphate Solutions: Eigcu of Investigetion 2961: 
Bureau. of. Mines, 1929, 9 PP. , 


7 - Sullivan, J. D., Chemistry of Leaching Chalcocite: Techs Paper 473, Br 
of Mines, (1930, 24 pp» ° se ~ 3 


Bw | Sullivan, Js Dey Chemistry of. Leaching Bomnite: Tech. Paper 486, Bureat: ©: 
Mines, 1931, 20 ‘PP: e : 


9 — Sullivan, Te D., Gindeees of Leaching Covellite: Tech. Paper 487, Bure®: 
of Mines, 1930, 18 pp. 


1O- Sullivan, J. D., and Sweet, A. J., Factors Governing Removal of Soluble 
Copper from Leached: Ores: Tech. Paper 453, Bureau of Mines, 1929, 26 PP 


1l- Guggenheim, Ms, and Sullivan, J. D., Acceleration of Extraction of Solvtl: 
Copper from Leached Ores: Tech. Paper 472, Bureau of Mines;. 1930, 30 Pr 


12- Sullivan, a D., and Bayard, K. 0., Extraction of Soluble Copper from Ores 


in Leaching by Percolation: . Rept. of rege eens 
4073, Bureau of Mines, 1931, 21 pp. . | 
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INGRESS OF SOLUTIONS INTO ORES 


In leaching an ore, the solvtion mst first permeate the ore. in order 
to come into contact with: the copper—hearing minerals.’ Tnere are, in general, 
two classes of voids in rocks: (1) Fractures and cleavage planes and (2) pores 
of capillary size or. ‘gsmaller.. The crevices and cleavage planes are usually of 
such @ nature that they are open along one side or at both ends. Yor @ solution 
to enter these openings..it must mechanically push the gas out of the voids. As 
these openings are not. in general in a horizontal position, there may be a larger 
hydrostatic head atone end of the opening than at the other. It is not par- 
ticularly difficult for solutions to enter large voids. In the second class of 
voids, -the pores my extend through the ‘tock or they may be connected ‘by a net- 
work to one another so that they are open at both ends, but pores open at one 
end only are also present; Even in small pores openat both ends, if solution 
penetrates simaltaneously from both ends, the pores act as though closed at one 
end. In the case of a pora closed at one end, solution can penetrate only by 
replacing the g2s witnin the pore. A solutivun will not penetrate unless the 
pressure witnin the pore is less or equal. to the outside pressure. The gas in 
the closed part of the pore must either dissolve in the Boerne liquid or 
diffuse eee it, if Peneuauton takes place. 


The movement of liquids in rocks. through so neeoaplaiary openings 
(circular openings greater than 0.508 mm..in diameter, or sheet openings greater 
than 0.254 mm. between walls) is probably governed by the ordinary laws of hy~ 
drostatics. Poiseuille!s law probably governs the movement of liquids in 
capillary openings (circular openings 0.0002 to 0.508 mm. in diameter, or sheet 
openings 0.0001 to 0.254 mm. between walls). Flow through subcapillary openings 
would be infinitely slow, as the attraction of solid molecules extends from well 
to wall, and no liquid would be free to move, as it is attracted to the walls as 
a film. 


A dnsesipeian has been given elsewheref the eae and procedure 
used for determining: (1) The rate and volume of. penetration of solutions into 
ores, (2) the total volume of voids within particles of ores, and (3) the. 
density of ores. 


Table 1 shows the rate at which water penetrated into various sizes 
of a typical porphyry ore of the Southwest. The data show that the time needed 
for a given percentage penetration increases markedly with increases in size of 
particles. | LG | ; —— s 


13 ~ Sulfivan, J. J ‘Oldright, G. Liss and Fock, W. E., Method for isseuein: 
Voids in Porous Materials: Rept. of Investigationg 8047, Bureau of Mines, 


1939, 8 ‘pp. 
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Table le ~ Rate _of penotration of. distilled wat ér. rece various sizes 


of a por phyry ore: tenperoture, 30° C. 


+ l ros 2 . a 
7 | go BB: 

| | | eee ee, 
1/2 83.6 59.5 i 1: en OY 21-9 
1 86.4 63.6 | 62.0 42.0 
2 89.2 68.4 69.2 46.9 
3 89.8 71.6. 70.4 50.2 
5 91.0 75.0. - | 71.5 | | .- 53.3 
235 95.3 (80.5 75.6% | SBR 
48 | 96.8 "82.0. | 272 | 66.3 
84 | 98.1 83.0 78.5 | 69.1 
108 | 98.1 83.5 | | 7964 71.2 
336 = 86.0 | 83.5 81.3 
| | 82.0 
91.4 
| 92.2 


| "Surface munetai ~-The general opinion has beén that solutions entered 
the pores of. ro. rocks by capillarity. If capillarity is the zoverning factor, the 
by changing the surface.tension of thé penetrating liquid, the rate of entry 0: 
ents should also be changed. Tests were made in which the surface tension 
i yater was lowered from approximately 75 dynes to about 25 dynes per centine 
tered by adding enough sodium oleate to make a saturated solution, but. the rate 
of entry of solution into the ore was practically identical with that of pure 
water. 


Solubility of Ges in Voids.—As surfaoce:.tension has little or no efter 
upon the rate of penetration of solution into ores, the rate must be. governed 
primarily by some other factor, which is indicated to be the solubility in the 
penetrating solution of the gas or gases within the voids of the ore. The 
solubility of sulphur dioxidel5 in water is 3,937 cubic centimeters in 100 cui: 
centimaters of water at 20°C., whereas the solubility of airt& is 1.8 cubic ce 
timeters in 100 cubic centimeters of water at the same temperature. Data in 
See a ee 
14 — Harkins, W. D., Davies, E. C. H., Clark, G. L., Surface Energy, VI: Jot! 

Am. Chem. Soc., vol. 39, 1917, p. 587. 


15 ~ Seidel, A. ,Solubilities of Inorganic and Sesunic Substances: New York, 
1917, p. 329. 


16 —~ Seidel, A., Page 10 of work cited. 
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Table 2 show the rate at which distilled water’ penetrated into various ‘sizes 
, of a typical porpiyry ore which had been evacuated and the voids filled with | 
sulphur dioxide. The ore was the sane as that used in the tests summarized 
in Table 1. When the voids were filled with sulphur dioxide, vater penetrated 
more rapidly, especially during the early part of the impregnation. “Not only 
was the rate of penetration faster, but the total voiume of penetration was 


also greater. ~~ 


Table 2ematate of penetration of. gist lie water into-vertons sizes 


EE CE tn — gE 


with et dio oxide; temperature, 300 Co 


Toids flied, per Sone 


ml +3 inch pieces 


ime, hours 
1/60 = 2s, 6905 | 
1/30 78.07 
ae | 84.6 
90.0 
i 95.3 
—°95.8 
2 | 96.4 
3 97.1 
5 97.7 
234 98.2 
43 99.1 
84 99.7 
108 100.0 


 Temoerature.-—Measurements made at 2 to 325° C, 


. . 7 rs 
a OS YS A I A VS feat ane - 


peaineh nieces 


45.0 
52.0 


80.0 


892 
92.0 


94.0 
95.5 
96.7 
97.7 
98.8 
100.0 


65.0 


86.3 


93.4 


| Seinch 


ent 


50.2 - 
66.4 


79.4 
85.2 


pieces |4-inch pieces 


43.3 


. and at 35° C. showed 
that the rate of penetration was more rapid at the lower temperature. Fora 
given ore, 95 per cent of the total penetration that took place was attained | 

in 40 hours at 2 to 3.5° C., whereas 50 hours was required at 35° C. As the 
solubility of gases in water increases with a decrease in temperature, the © 
solution might be expected to penetrata at a faster raté at the lower temperature. 


Various Solutions.—There is surprisingly little difference in tie rate 
of penetration of various kinds of solutions into rocks;:5 per cent copper sul~ 
phate, 2 per cent sulphuric acid, 2 per cent copper sulphate or ferrous sulphate 
plus sulphuric acid, 2 per cént ferric sulphate, and distilled water have very 
nearly the same rates. of penetration. _ 


Manner of Penetration.-—It has been found that in most ores the solu. 
tion enters along fractures and cleavage planes and that from these larger 


fractures it gradually seeps into the rest of the rock. . 
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takes place very rapidly along these crevices and fractures, and the small vc: 
are filled more slowly from these points of initial penetration. Photograprs 
demonstrating this phenomenon can be found elsewhere.L2 


DISSOLUTION os VARIOUS COPPER MINERALS 


Oxidized Winere1s.caTHe oxidized anerals of copper—azurite, mala- 

*chite, chrysocolla, and tenorite—are soluble in sulphuric acid and in ferric 

sulphate solutions. Approximately 100 per cent of the total copper is soluble 
in one hour at 35° C. in sulphuric acid or in acidified ferric sulphate solu 

tions when the size of mineral is minus 100 plus 200 mesh. In 1 or 2 per cen: 
neutral ferric sulphate the dissolution is slower, but in nearly every instan:: 
the mineral is completely dissolved in 24 hours or less. The rate of dissolv- 

tion in 5 per cent ferric sulphate is about the same as in sulphuric acid or i: 
acidified ferric. sulphate. | 


Cuprite.—When cuprite is leached with sulphuric acid in the preserc: 
of excess atmospheric oxygen, approximately 100 per cent of the copper in plec: 
up to 4-mesh in size is converted into the soluble sulphate in 20 days at 355°: 
‘With a minus 3 plus 4 mesh product, approximately 94 per cent is rendered sol:: 
in the same time. For pieces 100 mesh or smaller in size, 24 hours is suffici: 
for complete dissolution. When cuprite is treated with acidified ferric sult:: 
particles up to.3 mesh in size are completely dissolved in 8 days and in 3 dey: 
99 per cent is dissolved. For 100-mesh or smaller particles, one hour is ee 
cient for complete dissolution. When cuprite is leached with sulphuric acid :: 
' the absence of oxygen (as, for example, in closed bottles in an atmosphere of 
-nitrogen) only'one-half of the copper is rendered soluble, and one-half of it 
‘remains as metallic copper, according to the reaction: 


Cus0 + HoS04 « CuSO4 + Cu + Ho0. 


When cuprite - a sacl either in the presence or in the absence of oxygen, 2 
layer of metallic copper forms practically as soon as *he mineral comes in co:- 
tact with sulphuric acid. This metallic copper forms a difficulty permeable 
layer on the surface of the particles that. slows down the dissolution. The 
metallic copper may be converted to copper sulphate by the aid of an oxidizer. 
Atmospheric oxygen is a fairly good oxidizer but ferric sulphate is a much 
better one. On particles 100 mesh or smaller in size this metallic coating ci 
copper does not markedly hinder the rate of dissolution, but it is very harmi.t 
for aoa sizes. 


Ghelesctbescichateccite is the Seine toes sulphide mineral encountere- 
in leaching. When it is leached with ferric sulphate, the dissolution takes 
place in two stages, which may be written: 


CusS + Feo(S04)3 > Cus04 + 2FeS04 + CuS, and 
Cus + Fea(S04)3 = CuS04 + Bue + §. 
17 ~ Sullivan, J. D., Keck, W. E., and Oldright, G. L., Factors Governing tne 
Entry of Solution into Ores during Leaching: Tech. Paper 441, Bureau of 


Mines, 1929, pp. 35+36. 
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The first reaction is much more repid than the second. Yor particles of mineral 
10 mesh or smaller, approxinevely. 50 per cent of the tot". copper is converted 
into the soluble sulphate in 2% nours at 5° Cea Vaerens < ‘Eprcximately 20 days 
ls required to dissolve ee he othe: half. Particles as larze as 2 or 3 nesh 
dissolve at only a slightly slorer rete then minerals crushed as fine as minus 
150 plus.200 mesh. An ovidizing agent is necessary to dissolve chalcocite. 
Sulphuric acid in: ‘the abseace of. oxygen or water BYeri in the presence of exygen 
have practically no dissolving effect ywpon the minergl. Sulphuric acid in the 
presence of excess atitosvkeric oxygen ‘attac: < tus mineral, but-does so more 
Slowly than ferric: gulpnate solutions. At &65°-C. the rate of dissolution is 
practically the sane in ferric sulphate and in ferric chloride. The rate ‘of 
dissolution increases with increases in tewnerature. In 48-hours 50, 59; and 
87 per cent of the-copper tus dis solved from minus 100 pine: 200 mesh chalcocite 
at 23, 35, and 50°. Ce, nerpcetiery: on | 
-Boraitée.--eta: on the- ae ‘of dissolution of. various sizes. of. dornite, 
cugPeSa, in griaeeias ferric sulphate are eMven in Table 3. | : 


| Table 3 jenn peseiution, of. various sizes. of ‘bornité | in a. “golution 
conta ining 1 per. cant of iron.as ferric sulphate | 


* Bus 0: cE 2 ter cot or cult huric. a OSES 25°C, ; 


Ticeer < extracted,. per > cent 


esh = -LOUTZOC 1 ae een. -~200 mesh 
19: Aes ; bitte WO Gain 2 ee 29 


ae eee ere ee eT) 


The rate of dissolution of bornite is markedly increased by increases 
in tanperature. When minus 100 plus 200 mesh bornite was leached with acidified 
ferric sulphate 64 per cent of the copner was dissolved in 1 day at 50° C., in 
4 days at 35° Cais and in 14 days at 239 C. ‘Bighty per cent of the copper was 
dissolved in 6 hours at boiling temperature. Bornite dissolves more rapidly 
in ferric chloride than in ferric sulpnate. Sulphuric acid plus air attack 
bornite more slowly than ferric sulphate solutions. 


| Covellite.--Table 4 gives data on the rate of dissolution of various 
sizes of covellite in acidified ferric sulphate. 
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Table 4,—Dissolution of various sizes of covellite in a solution 
containing 1 per cent of iron as ferric sulvhate 


plus 0.5 per cent of sulphuric acid 


ee 
e a Copper extracted per cent 


1 — Temperature maintained at 35° C. for 24 days and then increased to 50° C. 


The rate of dissolution of covellite increased with increases in 
temperature. For a given sample, 81 per cent of tne copper was extracted in 
14 hours at 98° C., 81 per cent in 22 days at 50° C., and 41 per cent in 24 days 
at 35° ¢, The rate of dissolution was more rapid in ferric sulphate than in 
ferric chloride at 35° C., but the rates were virtually the same at 98° C. 
Covellite dissolved in sulphuric acid in the presence of excess atmospheric 
oxygen about half as rapidly as in ferric sulphate. 


Chalcopyrite.-—Chalcopyrite is ffequently found in Leaching ores, but 
it is not appreciably attacked by common solvents at ordinary temperatures. 
Chalcopyrite is a closely textured mineral, and its rate of dissolution is. 
greatly increased by fine grinding. Data on the rate of dissolution of chal- 
copyrite are given in Table 5. 


Table 5.——Data on dissolution of chalcopyrite 


Size, | Témpera-| Copper dis- 


mesh ture,C, Solvent solved in stated 

. ; time, per cent 
~100+200; 35 /|0.5% of iron as Feo(S0O4)z plus 0.5% of HoS04/1.8 in 45. days 
-100+200| 35 | 1.0% do. 0.5 do. {1.6 in 45 days 
350. 35 |2.0% do. 0. 5% do. |28.5 in 25 days 
-350 35 12.0% do. 0.5% do. |39.2 in 57 days 
~100+200; 50 !1.0% do. 0.5% do. 4.6 in 8 days 
-100+200} 50 {1.0% do. 0.5% do. 6.2 in 14 days 
3350 | 50 {1.0% do. 0.56 do. |32.2 in 8 days 
350 50 1.0% do. 0.5% do. |43.6 in 14 days 
~350 35 {1.0% of iron.as FeCl, 32.6 in 25 days 
~350 35 |1.0% of iron as FeClz 45.5 in 57 days 
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Pigure 1l.--Orig¢inal minus 2 plus 3 mesh bornite 


before leaching 


Figure 2e--Minus 2_ plus 3 mesh bornite after leaching for 14 days at 


50° C. with acidified ferric sulphate 
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Figure 3.- Residue from leach nus 2 s 3 mesh 
bornite after treatment with carbon bisulphide 


eT ey oe ( | Original from 
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The foresoing data show that the rate of dissolution is. faster when: 
the mineral is more finely ground, that the rate increases with an increase in 
temperature, and that the rate- of serecodutten is more rapid in ferric canoreee 
than in ferric sulpmte. | ae : 


In‘heap leaching an appreciable amount‘of the copper in chalcopyrite 
may be extracted owing to the long period of contact with solutions, and the 
possible rise in temperature of the ore. neers momen eri nes 


When chalcocite is leached with ferric sulvhate one-half of the copper 
dissolves rapidly leaving a residue approximating CuS which dissolves much 
slower; with bornite the copper is attacked preferentially to the iron; while 
with chalcopyrite the mineral dissolves as chalcopyrite; that is, at any stage 
in the dissolution(up to an extraction of approximately 45 per cent of the 
“copper which has been the maximum tudied), the ratio of Cu:Fe:S in the residue 
remains the same as in the original mineral. With covellite at ny stage in 
the dissolution the residue has approximately | the ‘game peotee of Curé as the 
original mineral, x 


When bares. pieces of chalcocite, paeniee: or severiite, are leached 
. with ferric sulphate the particles do not disintegrate and the residue become 
& powder. The particles, after leaching, nearly retain their original outline, 
and very little powder is formed. Apparently the sulphur left ‘behind retains 
the original form of the ‘mineral particles. When carbon bisulphide is added to 
the residue, the sulphur dissolves and the particles collapse. Figures 1, 2, 
and 3 demonstrate this phenomenon. Figure'1 shows minus 2 plus 3 mesh bornite 
vefore leaching; Figure 2, the residue after leaching for 14 days at 50° c. with 
acidified ferric sulphates: Figure’ 3, the residue after treatment with carbon 
bisulphide. In the 14-day period of leaching 92 per cent of the copper was 
dissolved. 


REMOVAL OF SOLUBLE COPPER FaOw | LEACHED ORES 


In heap leaching, because the ssieel on is added to a given section of 
the heap and because after a certain ‘quantity of solution has been added the 
leach solution is added to another: section, several months may elapse betwéen 
additions of solution to a given section. Heap leaching, therefore, results in 
& process of alternate wetting anddrying. When the surface is dried, evapora- 
Sion pulls solution to the surface where the dissolved salts crystallize as the 
solutions evaporate, and the next wetting operation removes part of these salts. 
#t the same time that the salts are renoved by washing some solution penetrates 
-nto -the cavities, cleavage planes, and pores within the ore. If all of the 
mcisture within the ore was removed during the drying cycle, all of the copper 
ealts would be precipitated, partly.at the surface and partly within the ore. 
Waen the ore is washed, the distance that the solution den eurewae into the ore 
on’ a function: of the time of washing. 7 ; , - 


The alternate wetting and aera tests carried out in the laboratory 
~o21ld not easily be duplicated in heap leaching. In the laboratory the surfaces 
of tie ore may be completely dried, and it is possible to dvy the entire sample. 
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In hoap leaching, a complete drying would be practically impossible. As a heep 
may contain several million tons of ore comploto drying, even of the surface, | 
could hardly be oxpected. Experiments have shown that the copper can be brou-- 
to tho surface even though the particles of ore are ee partly oer 


‘With a 06 5-hour period of ‘drying and a ‘0. Showr Bueiee of” washing an 
the cycle repeated until -nearly.all of -the copper was extracted, 80 per cent 
of the total copner in solution was extracted from 3-inch pieces of ore in 6 
hours, whereas 44 hours was required for'5 to 6 itch eee : This shows. the 
advantage of employing small aa of ores 

Ja eas Sait? very chort eaten of alternate wetting and: aryin: 
can not: be maintained, but laboratory work has shown the advantage gained by 
keeping the cycles as’ short as possible. . ‘With 3-inch pieces of ore, an extrac- 
tion of 80 per cent of. the water-soluble. copper, was obtained in 6 hours with a 
O.5-hour period of drying and a 0.5-hour period of washing, whereas 25. hours 
was required for a 6.0-hour period of drying and @ 2.0—nour period of washin.. 
Any advocacy of shorter. cycles in altennate mebeene: oot eee aa a te that 
the heaps are porous. and well. aer rated. se 8 oy tr en ee 


a se The soluble copper ‘can be reanoved by Piternaba: oettine aor pase ine sibel 
es ae 15: to 25 per. ‘cent of the time required . to remove it by flood -was.- 
ing, provided the washing and arying periods, are as. close -to each other..as 
possiblé but long enough ” to permit | a fairly thorough drying ‘of the. charge and 
soaking in of the ‘Leaching solution. As an example, it took approximately 1E0 
hours -to remove 90 per cent of the water-soluble copper. by. vat washing from tz: 
minus ‘1 plus 3 G inch size of a porphyry. cre saturated with, copper sulphate, wher: 
as only 313 hours was required by alternate wetting and drying when the. period 
of drying was 4.0 hours and the period of washing 0.5 neues 

A rapid movement of air past ‘the’ eurfeice of” ‘the ore eases rapid 
drying. Anything that interferes with, the circulation of-air slows down the 
rate of extraction,’ ‘thus demonstrating. the necessity of. having an. open heap - 
where free circulation of air is possible. Slime or. other material that will 
coat the: surface’ would also. hinder. drying. . ‘The rate of extraction is also in-~ 
carcass oy dn: Ancreage in. . temperature. eke. Ge BS wer = e | 


When a rock is saturated with copper. sulphate end then dried, the . 
crystallized salt is disseminated. throughout the. entire rock, especially alonz 
the fractures and cleayage planes.:..A large part of the copper is brought to tz 

surface in the first drying operation. Some of the copper is crystallized in 
the interior of the rock, especially along larger fractures’ and cleavage plares. 
Photographs demonstrating this phenomenon can be found elsewhere +8 


a ha et te 
18 « Sullivan, J. D., and Sweet, A. J., Factors Governing Removal of Sotvble 
Copper from Leached Ores: Tech, Paper 453, Bureau of Mines, 1929, p. 22 f 


a 
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CONCLUSIONS 


In (eine. tho three factors (1) iapeese! of solutions, (2) dissolu- 
tion of minerals, and (3) removal of the soluble copper are Interdopendent and 
work simultaneously. The sspead of loaching can be no faster than the slowest 
step, . Enouzh solution. can, not. gnter. a rock at one ‘time to dissolvo the ‘copper 
minerals complotely unloss . tho ge ceper content. of. the, ‘oro.is very low. A sample 
- of ore weighing 2, 000 ‘grams soak up about 40 cubic. centimeters ‘of solution. 
If the ore containg 1 per cont Fy: copper, and the solutios: coming out of the 
pores contains 20 grams of copper per litor (assumed), 1,000 cubic centimeters 
of :solution or approximately 25 renewals of the solution within. the voids would 
be necessary. Froquoent renenals. of solution arid ‘much timo is required to get 
sufficient solvent into contact with tho minerals and to wash out the eect tee 
copper. 


In heap leaching with oxidized ores the slowest step is probably the 
removal of the soluble salts. If the copper exists as sulphide (chalcopyrite 
excepted), about 20 days will be required for complete dissolution of the copper, 
grenting contact of mineral and solvent solution during the entire period. In 
this instance, the slowest step is probably the chemical one or the dissolution 
of the copper sulphide, granting that conditions found in the laboratory hold 
in practice. 


The rate of dissolution of the copper minerals is a chemical factor; 
and in heap leaching practice, for a given solvent, the rate can not be markedly 
changed. Although the rate of dissolution increases with increases in tempera- 
ture, it is difficult to control temperature in a large heap. Actual temperature 
measurements within the heaps usually indicate a higher temperature than that of 
the outside air, which shows that the heat from chemical reactions is fairly well 
stored within the heap. It may therefore bo possible to increase gradually the 
temperature within the heaps by adding warm solution. In the Southwest the 
solutions could be warmed by the sun in summer. 


Waste smelter gases, if available, might be used with a heap leaching 
plant. If waste gases are allowed to enter heaps and displace the air present 
before water is added to a given section of the heap, the solutions should pene— 
trate more rapidly into the interior of the rocks. Also, waste gases would add 
a reagent that would help to dissolve the copper minerals present. 


From a@ practical standpoint, the method of speeding up the rate of 
extraction is to crush the ores finer. Crushing the ore particles would not 


only decrease the time required for saturation but it would also make the ore 


more amenable to leaching by open cleavage planes and crevices in’ the ore par- 
ticles and by shortening the path required for the leaching solutions to come 


into contact with the mineral particles and for the dissolved copper to be brovghi 
to the surface. Crushing to a smaller size than 2 or 3 inches might produce too 


many fines, which would tend to counteract the advantages of crushing. 
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Another means of speoding up the extraction is by recirculating xl: 
tions over the heap. Frequently mine water containing neither acid nor ire 
salts is passed’ over the ore, but. owing to the. weathering of. vyrite and othe 

-gsulphides there is a considerable- concentration of sulphuric acid and salts: 
bivalent. and: trivalent: iron in the effluent solutions. - As chalcocite is aie: 
-able to leaching by solutiong of..salts of trivalent iron, there is good res: 
for recirculating at least.a part of the.effluent solutions. -To avold “plo: 
the leaching column with flocculent. hydrated iron se lake ia the: solutions 
BeCaTeureuce =e contain some free. Acie. | 
\ . \ wdba 

Beene Pee be laid Some on ‘prepared footings te prevent ‘the ee 2 
solutions by seepage. This is. Or: true if —* euaore containiz: 
copper: are recirculated... | 
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